The issue of land use and identification of land types is of great interest for the Greek Forest Service in order to avoid legal conflicts between the State and private landowners. The main decision problem is the interpretation of the law and the required objectivity during the process. This paper present a hypertext-oriented decision support system, based on hyperlinks and questionnaires, for the identification of forest land types. The interface was designed based on HTML programming language using the software Dreamweaver™ as several Java scripts were also employed to set the rules and treaties that hyperlinks must fulfil. Its purpose is to propose a methodology to achieve more objective and reliable decisions. Forest services and foresters-decision makers could use such a decision tool aiming at sustainable management in land use, as it can also assist in achieving an efficient administration which is a prerequisite for sustainable governance.
Introduction
The identification of land types according to the Greek Forest Legislation is a very important issue that occupies a large part of the human resources of the Greek Forest authorities. This paper presents a decision tool to assist in decision-making about the land type of an area.
The currently known term of decision support systems (DSS), was introduced in the early 1970s by Little, as a "model-based set of procedures for processing data and judgments to assist a manager in his decision-making". DSS are defined broadly as interactive computer-based systems that help people use computer communications, data, documents, knowledge and models to solve problems and make decisions (Power and Sharda, 2009) . They have been initially defined as "…computer-based support systems for decision makers who deal with semi-structured problems" (Keen and Morton, 1978) . Power (2004) classifies DSS into five categories:
• communication-driven: support a group of people working in a shared task
• data-driven: emphasise the accessing and manipulating of internal and sometimes external data
• document-driven: manage, retrieve and manipulate unstructured information
• knowledge-driven: provide specialised problem solving
• model-driven: they use data and parameters to aid decision makers in analysing a situation and emphasise in accessing and administrating of simulation models.
The decision maker has to consult many factors and data in order to provide the best possible solution to a problem. According to Burstein and Holsapple (2008) the DSS relaxes cognitive, temporal, spatial and economic limits on the decision maker, since the support furnished by the system allows a decision episode to unfold:
• in more-productive ways (e.g., faster, less expensively, with less effort)
• with greater agility (alertness to the unexpected, higher ability to respond)
• innovatively (e.g., with greater insight, creativity, novelty, surprise)
• reputably (e.g., with higher accuracy, ethics, quality, trust)
• with higher satisfaction by decisional stakeholders According to Alter's (1980) pioneering research, DSSs include the following three major characteristics: they are designed specifically to facilitate decision processes, should support rather than automate decision-making and should be able to respond quickly to the changing needs of decision-makers. Power and Sharda (2009) point out that some systems provide structured information directly to managers. Others assist managers and specialists to analyse situations using various types of quantitative models, some DSSs store knowledge and make it available to managers and some systems support decision-making by small or large groups.
Several scientific disciplines provide the substantive foundations for DSSs and constitute the necessary background for their effective planning. Especially the science of informatics has contributed in the planning and the application of the DSSs with a variety of tools, materials and software (Manos et al., 2010) . Internet and the web have also precipitated the development of the DSSs through information and communication technologies (ICTs) and its applications that act as providers of a great amount of information and services related to all sectors of science (Andreopoulou, 2013) .
Database systems provide tools on managing data; management science has developed mathematical models for use in building model-driven DSS, whilst some other important fields related to DSS are human-computer interaction, software engineering and telecommunications (Power and Sharda, 2009; Kersten and Lo, 2000) .
DSS in forest management and policy
DSSs are widely used and consistently applied by many scientists, managers and decision makers in order to solve crucial problems and to simplify the necessary procedures that lead to the desirable solution. Environmental DSSs have been developed to assess the impact of utilisation of natural resources and to evaluate the impact of agricultural and industrial activities on the environment (McIntosh et al., 2011) . It is a fact that forestry is evolving a multi-purpose role whilst the major issue is the protection of the natural resources and the provision of amenity by the society, in a way that keeps an ecological balance (Lexer and Brooks, 2005) .
Modern forestry mostly focuses on environmental sustainability of the ecosystems in relationship to the citizens as a result of the current change in both urban and rural areas (Andreopoulou, 2011) . However, it has to resolve a number of issues and find effective ways to deal with the ecological and social problems that act, in many ways, as a threat to the environment and society. These issues are: forests fires, land use, wildlife protection, reforestation, wind damages, illness and infection damages, infringement of the forest law and many others.
Today, not only scientists and researchers, but public services and governments as well, use DSS methods to solve forest policy and management issues in order to achieve the greatest possible effectiveness. Geographical information systems (GIS), database technology, mathematics, economics, internet and software engineering, are only some of the tools used and combined by the researchers with a view to create a DSS for an individual issue.
Mathematical and economic models may assist assessment of a current situation and provide forecasts quantifying and parameterise the key factors which determine an issue.
Further, DSSs provide an interesting framework to integrate database management systems with analytical and operational research models, graphic and tabular reporting capabilities to assist in natural resources management and policy analysis (Borges et al., 2003; Reynolds et al., 2005 Reynolds et al., , 2008 .
The decision-making process in the environmental sector (agricultural, forestry, etc.) requires a qualitative evaluation and fully comprehension of the problem by the decision makers, as it is not based on stable and well defined rules, but on their knowledge, skills and experience (Manos et al., 2004) .
It is noteworthy that Tecle et al. (1998) developed a multi-objective and/or multi-person DSS for analysing multi-resource forest management problems and Ross and Hannam (1998) discuss three DSSs (TEAS, LOGSPERT9, HABASYS) used to manage legal, ecological and social information required to make decisions about the conservation of forests on protected land in Australia. In Greece, Arabatzis and Manos (2005) developed a water resource management system (WATERMAN) which enables the constant analysis of water quality and offers prognoses and recommendations about actions through a DSS.
Athanasiadis's and Andreopoulou's (2011) analysis of the current trends in emerging DSS applications in forest policy and management has shown that nearly half of the published scientific journal papers present a multiple-purpose DSS, as they apply to more than one specific topic of forest management and policy and can be adopted and support decision-making widely. There were identified 14 different topics that DSS applications deal with, as it is presented in Figure 1 . Source: Athanasiadis and Andreopoulou (2011) It is obvious that computerised DSSs can play a key role in decision-making, as they offer the efficient tools and methodology to managers to find solutions in many upcoming environmental issues, in a more objective way, spending less time and including all the related crucial factors and data (Moreno-Sanchez and Torres-Rojo, 2010). DSSs are currently drawing much attention as means of improving the quality and transparency of decision-making in multiple purpose forest resource management (Lexer and Brooks, 2005) .
The Greek Forest Service and the 'characterisation of land'
The multiple functions of forests impose several tasks that have to be dealt with comprehensively. The selectable methods to address these issues formulate the forest policy aspects such as forest management, wood production, forest and wild life protection, forest technical constructions, treatments, reforestations, forest recreation, land-use legal conflicts administration and economics (Tasoulas and Andreopoulou, 2012) . The Greek Forest Service (GFS) is the main public organisation in Greece responsible for all the environmental issues mentioned above and also deals with the organisation, supervision and execution of various forest jobs, thus a variety of forest data result from projects and paperwork.
Owing to the fact that Greece has not yet completed its National Cadaster and Forest maps, the Forest Service is bound to solve many land-use legal conflicts concerning the nature of land and deciding whether an area or capacity could be characterised as forest or not. GFS does not operate uncontrolled, but always according to the applicable legislation. Human-forest relations, conservation, protection and development of forests, are treated by forestry law which also includes the definition of forest (Coşkun and Gençay, 2011) . This definition is an essential issue which largely determines the decision to be taken about the land type and land use of an area (Athanasiadis and Andreopoulou, 2013) . This is one of the most important responsibilities of the GFS called 'act of characterisation'. This procedure determines the permissive interventions that could be carried out in a piece of land or in a wider area. For example, if a land is characterised as 'forest' or 'forest land' it is protected by the law and any interference that may change the type of land is strictly prohibited. As a result, land types of a wider area can be identified and land uses can be more effectively determined. This paper presents the conceptual framework that should be adopted by decision makers aiming to an objective outcome in identifying forest land types. A computerised DSS is developed which includes an application and a proposed methodology that simplifies and automates the procedures for issuing an act of characterisation of land by the Forest Service.
Methods and material
Although the process of identification of land uses is based upon the current legislation ( §14 Law. 998/1979 in Greece), it is also a complicated issue that sometimes includes subjective judgment. Apparently, the GFS follow a typical procedure applying the law, but there are many other factors that could affect the result. The major problem is the complexities of the current forest legislation which prevents the conduct of sustainable and effective governance.
Specifically, the examination of a case is performed upon request or ex officio. The first step is to identify and digitalise the borders or the concerned piece of land into a digital cartographic background using a GIS software. Subsequently the procedure concludes photointerpretation of recent and historical digital orthophotomaps, observation of the relevant aerial photographs and field autopsy aiming to specify the form of vegetation and the canopy cover of the area. These operations in combination with the study of the relevant forest legislation would lead to the final decision.
The proposed DSS aims to classify and organise the amount of information arising from the above procedures, in order to ensure that all the crucial parameters and resulting data will not be ignored. First of all, the data to be processed are divided into three categories:
• general data (location, abutting areas, legal aspects and information)
• photointerpretation information (aerial photos, dominant form of vegetation, canopy cover)
• field autopsy information (forest species, description, field conditions)
These compose the incoming information or input data. The decision-maker collects all the necessary information and initiate it into the system through web forms. Following is the data processing and finally comes the result as a recommendation about the form of land use of a specific piece of land. Figure 2 present a general conceptual framework of the proposed DSS. 
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Output data
Recommendation form Invocation of the law Final report A 'hypertext-oriented DSS' named 'GFS praxis' has been developed to elaborate the incoming data and export a documented recommendation. According to Burstein and Holsapple (2008) this type of DSS uses a technique known as hypertext. Each piece of text is linked to others conceptually related to it. The application specific logic are hyperlinks that gradually lead to the expected results. The final outcome depends on the incoming data. One piece of information is carefully linked to another by hypertext links and subject to satisfaction or not of a treaty, the decision maker is leaded to the next comparative form. The rules for assessing the suitability of forest land depend mainly on the form of vegetation and canopy cover of an area. To identify these parameters and formulate an aspect on the area, a field autopsy is required. The same factors are also examined through processing of aerial photos (photointerpretation) of the so called 'historical year', which is mainly the year 1945. In some cases there could be an examination of aerial photos of the year 1960 or 1937, depending on the image resolution and clarity.
Eventually there are two variables arising, the first one takes its values given for the canopy cover of the area at the present time and the second for the same parameter of the area concerning the critical year of the aerial photography. The combination of these two parameters, in addition to some other crucial factors such as the vegetation of the surrounding area and the 'required surface ground', which is the minimum size of a surface that may consist a forest land and is specified as 700 m 2 according to the Greek law 3818/2010, lead to the final conclusion about the land type of the area.
The following Table 1 presents the rule-base of the DSS that help the decision maker in assessing the data. For example, if the canopy cover degree is less than 15% and the surrounding area is forested, the study area is characterised as forested of article 3 §3, unless its borders are non-forested, whereat it is characterised as non-forested of article 3 § 6.b. The application was developed using a simple programming language like hyper text markup language (HTML). A specialised HTML editor like Adobe Dreamweaver™ was selected for the designing and development of the interface of 'GFS praxis'. The process included both graphical interface work and code authoring as well in a graphical user interface -GUI environment that also allows code and script writing as we can see in Figure 3 . Many useful technical tools of Dreamweaver like forms and spry objects were also used in order to achieve usability and a user-friendly interface. Relatively to the implementation of the application, simple software tools, available by Dreamweaver ™, were also used, such as cascading style sheets (CSS) to achieve equable and similar appearance of the interface. Java scripts were employed to develop the necessary scenarios in order to process the incoming data and create a final report. Control flow statements break up the flow of execution by employing decision-making, looping and branching. The decision-making statements 'if-then', 'if-then-else' and the branching statements 'break', 'continue' and 'return' supported by the Java programming language were utilised to set the rules and treaties that hyperlinks must fulfil to guide to the next step to the final decision.
Following, an example of using JavaScript to create treaties and observe the rule-base in order to produce an objective outcome (application case forest/non-forest): 
}}
This script defines the land type of the study area in case there is a canopy cover degree > 25% or <15%.
Results
'GFS praxis' comprises four sequential screens that ask the user to fill some forms inserting essential information about the study area (Figure 3 ). There is also an introduction screen page and a final submission page. User must obtain the information via the preliminary operations which are: position determination, photointerpretation, field autopsy and browse of legal information. This information constitutes the 'incoming data'. Then, user is ready to execute the application using a common internet browser. Figure 3 presents the first basic screen in which user must import some general information about the area. The decision maker supplements the relative forms and moves forward to the next screen. There is always the option of partial submission of the data in each screen. Otherwise there can be a total submission at the final 'submission screen'. User can also go back or move to a following screen in order to change an answer or fill a form at a later time. Because there is a possibility at some stage of the study, may not be available all the necessary information, the application enables partial and gradual storage. When there is a full access to the whole amount of the data, the forms can be completed successfully at any other time.
Once the required forms are completed as the main information of the study, the data entered during the execution of the application are transferred via hyperlinks to a database. Upon the final submission, an electronic document is created automatically by tracking and retrieving data from the database. This e-doc is the 'Recommendation form' for the identification of the land type of the study area in order to specify the allowable land use. User can choose among an html document or a read-only pdf document. Figure 4 is the workflow of the DSS and analyses the proposed methodology aiming to an objective decision. The DSS contains all the preliminary work, in order to gain the necessary data and the execution of the application. Through the user interface, the proposed model processes the primary-incoming data and the secondary information, which is stored in the database of the DSS and exports the results.
At this point, we have to mention that if a study area (piece of land) consists of several parts, user must run the application for every land piece separately and obtain either an aggregate recommendation or partial recommendations for every piece of land. This could happen because the study area could be divided by natural or artificial boundary (stream, street, etc.) 
Discussion
This paper presents the conceptual framework for analysis tasks related to issuance transactions in land status according to the Greek Forest Legislation. It is important to point out that proposed DSS will not solve the decision problem, nor is it intended to. DSSs must only have an advisory status because the final decision is always for the manager to take. Nevertheless with the adoption of a DSS, the role of the decision-maker is limited in collecting and utilising the suitable type and amount of data and in evaluating the findings (Papathanassiou et al., 2005) . This reveals an effort to eliminate the factor of subjectivity during the procedure. Other relevant DSSs proposed by Rasinmaki et al. (2009) and Kirilenko et al. (2007) have developed XML applications and propose a web-based DSS to provide decision support to managers and landowners in the field of sustainable forest management. There is also web-based DSS tool developed and adopted by the Texas Forest Service of the USA called 'Timberland Decision Support System' (TDSS/2014 ) which is a decision tool for short-range forest owners and other stakeholders to invest in timber trade management and growing stock. As the proposed GFS tool, so these applications aiming in an objective outcome, processing all the necessary data. There is a constant interaction with the user, while forms and questionnaires are utilised in order to receive data and export the relevant reports.
The decision-making process under the proposed DSS is much less time consuming than using conventional and empirical non-computer-based methods. Using the specific methodology to resolve issues of land use minimises the possibility of failure, as the procedure leads the manager to take into account all the needed parameters concerning the case.
Because of its comprehensible interface design, users with no computer literacy or extended experience in similar environments can efficiently use 'GFS praxis'. A common PC and a simple browser are good enough to run the application efficiently. It is obvious that Forest Department could use such applications to facilitate its job, since nowadays the majority of the personnel seem to have the basic computer skills.
Informatics issues arising from this context include issues of data security, data sharing policies, intellectual property rights, quality assurance and reuse of data (Schnase et al., 2003) . Specifically, the adoption and usage of 'GFS praxis' by the Forest Service can provide a numbers of benefits such as:
• elimination of subjectivity
• avoiding omissions
• lowering the estimated time of work
• reducing the amount of objections and appeals
• building of trust between citizens and forest administration
• saving time for other important tasks.
The recommended DSS helps decision makers to avoid mistakes during the operation of the law as it can retrieve the comparative legislation and links it to the suitable information until the final submission. In another point of view, it could be described as a series of consecutive questionnaires. The adoption and utilisation of this decision-making tool could reduce dramatically the possibility of ignoring relative data and efficient information.
Dealing the difficulties of the process, the proposed methodology can provide important opportunities for sustainable development and long-term policy-making in forest management. Especially, in GFS, a prompt and reliable identification of land types formulates an important factor that can assist greatly in the conservation and protection of the forests and forest lands, because according to the Greek Forest legislation, the land type defines land use. This fact is also a prerequisite for a mild form of residential development. Reducing bureaucracy and the recovery of meritocracy may be a crucial factor for an efficient and effective governance which may attract investments for environmentally friendly projects in mountainous areas.
In a second level, 'GFS praxis' could be a useful decision tool for every freelancer forester who deals with acts of characterisation of land as a consultant of land owners. This could minimise the conflicts and arguments between private and public sector in the professional grade of foresters.
Future developments of 'GFS praxis' may be a connection to a database in order to store and secure the data imported by the user and the final reports. MySQL enables the application (client) to access resources from a database (server). The interface of 'GFS praxis' will be the client that calls the functionalities to display the reports requested by the user on graphic-sheet. This function requires the application to be uploaded to a server and access to it should be permitted to authorised users only.
Finally, organisation and classification of the land types arising within a connection to an external GIS which is capable of using the database of the application is also a potential, as GIS can provide spatial display of the output information.
